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Chlorophyll a fluorescence induction parameters of 
flag leaves characterize genotypes and not the drought 
tolerance of wheat during grain filling under water deficit
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ABSTRACT                        Chlorophyll a fluorescence induction parameters of two drought tolerant (MV 
Emese and Plainsman V) and two sensitive (GK Élet and Cappelle Desprez) wheat cultivars were 
compared on the day 16 post anthesis (DPA) under control and water stressed conditions. It was 
found that under drought stress the chlorophyll a (Chl ) content declined earlier in the sensitive 
genotypes, but the rate of Chl loss was much higher in the tolerant cultivars and also in the 
controls of cv. Plainsman after 12 DPA.  The trans-zeatin content, a transport form of cytokinins 
also significantly declined to 16 DPA in the sensitive GK Élet. Because cytokinins prevent Chl loss, 
it may be a cause of the decreased Chl level in this cv. under drought. Neither net CO2 assimila-
tion rate (PN) nor other Chl a fluorescence induction parameters such as Fv/Fm or PSII, qP and 
NPQ as a function of increasing photon flux densities (PFD) exhibited a special change which 
could characterize only tolerant or sensitive cultivars. Instead, these changes characterized the 
genotypes. In cvs MV Emese and Plainsman the flag leaf senescence could result in faster and 
better remobilization of the pre-stored carbon from vegetative tissues, and ultimately better 
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Chlorophyll and trans-zeatin riboside contents
Table 1. The effects of soil drought on the chlorophyll-a and b contents in µg DW-1 (g)-1  in flag leaves of wheat plants during grain 
filling period. (DPA: days post anthesis.)
Triticum aestivum L. Treatment Number of grains per ear Mass of grains per ear (g) 1000-grain dry mass (g)
 cultivar   
cv MV Emese Control 27.05 ± 7,4 1.32 ± 0.54 52.57 ± 4.8
Drought 19.63 ± 4.4**   (-27.40%) 0.80 ± 0.1***   (-39.53%) 41.74 ± 12.2**     (-21.22%)
cv. GK Élet Control 31.6 ± 4.9 1.59 ± 0.3 50.32 ± 6.9
Drought 17.76 ± 6.5***  (-43.78%) 0.38 ± 0.2 ***   (-75.71%) 18.76 ± 1.9**     (-62.71%)
cv. Plainsman Control 17.72 ± 8.1 0.64 ± 0.4 40.83 ± 3.0
Drought 15.80 ± 4.2       (-10.77%) 0.58 ± 0.1       (-9.41%) 39.58 ± 1.6         (-4.01%)
cv. Cappelle D. Control 27.71 ± 8.2 1.80 ± 0.7 65.73 ± 16.7
 Drought 15.85 ± 4.5***  (-42.78%) 0.63 ± 0.4**     (-64.57%) 34.83 ± 13.5***   (-47.00%)




Figure 1. Trans-zeatin riboside contents  in well-watered (o)  and 
water-stressed (●) flag leaves at 16 DPA during grain filling in MV 
Emese, GK Élet, Plainsman and Cappelle Desprez wheat cultivars. 
Data are means ± SD of 3-5 independent samples. *, **, *** are for 
















































(A) MV Emese (B) GK Élet




Figure 2. Changes of the maximal quantum yield of PSII photochemistry 
(Fv/Fm) in well-watered (o) and water-stressed (●) flag leaves during 
grain filling in MV Emese (A), GK Élet (B), Plainsman (C) and Cappelle 
Desprez (D) wheat cultivars. Data are means ± SD of 3-5 independent 
samples. SD bars are not shown where smaller than symbols. *, **, 
*** are for significant differences comparing to the control  at 0.05, 
0.01, 0.001 levels, respectively.
Figure 3. Responses of the actual quantum yield of PSII photochemistry ( PSII), photochemical quenching parameter (qP) and non-photochemical 
quenching (NPQ) to increasing photon flux densities (PFD) in well-watered (o)  and water-stressed (●) flag leaves during grain filling in MV 
Emese (A, B, C), GK Élet (D, E, F), Plainsman (G, H, I) and Cappelle Desprez (J, K, L) wheat cultivars. Data are means ± SD of 3-5 independent 
samples. SD bars are not shown where smaller than symbols. *, **, *** are for significant differences comparing to the control  at 0.05, 0.01, 
0.001 levels, respectively.
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** ** * * **
*
(D) MV Emese (P) Cappelle D.(H) GK Élet (L) Plainsman
Table 2. Effect of soil drought on the final number of grains per ear, mass of grains per ear and thousand-grain dry mass of MV 
Emese, GK Élet, Plainsman and Cappelle Desprez wheat cultivars. Data are means of the yield parameters in 2007 and 2008 years. 
Numbers in brackets indicate the percentage of decrease compared to control. *, **, *** are for significant differences comparing 
to the control  at 0.05, 0.01, 0.001 levels, respectively.
Chlorophyll a Chlorophyll b
DPA well-watered drought stress well-watered drought stress
0 15.18 ± 1.6 15.60 ± 1.4 5.88 ± 0.8 6.78 ± 0.7
MV Emese 4 16.06 ± 0.6 15.74 ± 0.6 6.09 ± 0.5 6.21 ± 0.1
9 15.30 ± 3.4 12.44 ± 2.7 5.84 ± 1.3 5.11 ± 1.2
12 13.74 ± 1.1 13.41 ± 1.4 3.62 ± 0.9 3.62 ± 0.5
24 15.11 ± 0.9 5.96 ± 2.2  *** 3.09 ± 1.7 1.46 ± 0.5 **
0 14.18 ± 0.6 12.94 ± 0.4 4.90 ± 0.3 5.02 ± 0.3
GK Élet 4 11.76 ± 1.2 11.49 ± 2.8 4.26 ± 0.5 4.81 ± 1.1
9 12.75 ± 1.4 9.62 ± 0.5  * 5.04 ± 0.3 4.76 ± 1.1
12 13.78 ± 1.7 11.98 ± 0.6 5.13 ± 0.5 4.80 ± 0.3
24 13.91 ± 0.7 4.19 ± 1.5  *** 6.12 ± 0.7 4.61 ± 2.0 ***
0 15.50 ± 0.3 13.98 ± 1.9 5.75 ± 0.1 5.43 ± 1.0
Plainsman 4 16.31 ± 1.2 15.08 ± 0.4 6.01 ± 1.0 6.18 ± 0.5
9 14.40 ± 0.7 12.49 ± 2.4 5.27 ± 0.2 4.92 ± 0.8
12 16.45 ± 0.9 13.32 ± 1.9 6.38 ± 0.5 6.16 ± 1.0
24 11.78 ± 1.8 1.37 ± 0.2  *** 4.64 ± 0.6 0.76 ± 0.2 ***
0 14.64 ± 1.1 12.12 ± 0.8  * 5.27 ± 0.3 4.78 ± 0.4
4 11.90 ± 0.4 11.42 ± 0.9 4.13 ± 0.0 4.50 ± 0.50
Capelle 9 12.60 ± 0.8 11.74 ± 0.5 4.63 ± 0.3 4.85 ± 0.4
Desprez 12 13.70 ± 0.3 10.08 ± 0.9  * 5.11 ± 0.2 4.01 ± 0.3  **
24 8.64 ± 0.5 3.02 ± 0.4  *** 4.82 ± 0.5 1.54 ± 0.4 ***
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